We investigated how gustatory and olfactory information contributes to the preference for dried bonito broth in mice. In the two-bottle preference test, intact mice consumed dried bonito broth in preference to water or an amino acid-nucleotide (AN) solution containing the same concentration of amino acids and nucleotides as that in dried bonito broth. It was observed that mice with transected bilateral chorda tympani (CT) nerves, those with transected bilateral glossopharyngeal (GL) nerves, and those that were intranasally administered with zinc sulfate preferred dried bonito broth to water. Zinc sulfate was used to produce a temporary loss of olfaction. In the two-bottle preference test with dried bonito broth and an AN solution, the preference for the former was reduced in mice with transected bilateral GL nerves and in those with an olfactory blockade, but not in mice with transected bilateral CT nerves. These results suggest that dried bonito broth was preferred over the AN solution, and that simultaneous inputs from olfaction and the GL nerve contributed to this preference.
The study of gustation and olfaction can provide essential information on the food selection and preference of animals. Researchers have used taste nerve transection to investigate the contribution of gustation to food selection and preference. The chorda tympani (CT) nerve innervates the fungiform papillae of the anterior two-thirds of the tongue, and the glossopharyngeal (GL) nerve innervates the foliate and vallate papillae of the posterior one-third of the tongue. The CT but not the GL nerve is necessary for the maintenance of normal sodium-specific taste-guided behavior under sodiumdeficient conditions and for the normal unconditioned appetitive responsiveness to sucrose and maltose. 1, 2) Denervation of the bilateral GL nerve significantly increased the behavioral similarity (the strength of generalization in the conditioned taste aversion (CTA) paradigm) between monosodium glutamate (MSG) and sodium salts, suggesting that taste information from the GL nerve played a more important role than that from the CT nerve in behavioral discrimination between MSG and the four basic tastes. 3) Resection of the GL nerve altered the acceptability of the bitter-tasting essential amino acid, L-lysine (Lys), due to Lys-deficiency in mice. 4) Some reports have demonstrated that olfactory stimuli contributed to flavor preferences. The starch preference was significantly reduced in anosmic rats. 5 ) When compared to the preference for test fluids containing the vehicle alone, normal mice showed a significant preference for test fluids containing corn oil at most of the concentrations tested (1-10%), except at the lowest concentrations (1% and 3%). However, zinc-treated mice showed no preference for corn oil. 6) Mice have demonstrated a preference for apple juice over orange juice, this being abrogated by olfactory bulbectomy. 7) These data imply that preferences for these palatable foods were mediated by both olfactory and nonolfactory cues.
Dried bonito broth is a liquid extract from dried bonito (katsuobushi) prepared by various processes, including drying and molding skipjack tuna (Katsuwonus pelamis) obtained from the ocean. It has an umami taste and a unique aroma. Dried bonito is an important seasoning in Japanese cuisine and is used to reinforce the flavor of foods and lend a characteristic flavor to Japanese dishes. 8) Dried bonito broth contains various amino acids and nucleotides. Disodium inosine-5 0 -monophosphate (IMP) lends to the umami taste and is believed to be important for the palatability of dried bonito broth. 9, 10) However, how orosensory and olfactory stimuli influence the preference for dried bonito broth has not yet been clarified. In the present study, we investigated the contribution of orosensory and olfactory stimuli by using a two-bottle preference test mice with resected taste nerves or ZnSO 4 -induced anosmia. In the olfactory-blockade experiments, we administered ZnSO 4 into the nares of mice aiming to break down the olfactory cells.
11)

Materials and Methods
Animals. We used 55 male ICR mice (Japan SLC Inc., Hamamatsu, Japan) in this study. At the start of the experiment, the mice were approximately 6 weeks old and weighed between 36.1 and 45.0 g. All the mice were maintained under a 12/12-h light/dark cycle at a constant temperature of 23 AE 3 C. Food (MF type; Oriental Yeast Co., Ltd., Tokyo, Japan) and tap water were freely available in the cages where the mice were housed. All the tests commenced within 30 min of the beginning of the dark period. The two-bottle preference test was initiated after the beginning of the dark period, when the mice were more active. The mice were maintained in the laboratory for 1 week after arrival to permit them to acclimatize to their surroundings before testing. Seven mice were used for the intact mouse experiment, 24 mice were used for the olfactory blockade experiment, 13 mice were used for the CT nerve sectioning experiment and 11 mice were used for the GL nerve sectioning experiment. The care and treatment of the experimental animals conformed to the Kyoto University guidelines for the ethical treatment of laboratory animals.
Test fluids. Test fluids were prepared by using the following reagents: dried bonito extract (Shimaya Co., Inc., Yamaguchi, Japan), sodium chloride (NaCl), L-methionine and L-aspartic acid (Nacalai Tesque Co., Ltd., Tokyo, Japan), IMP and guanosine-5 0 -monophosphate (GMP; Yamasa Corporation, Chiba, Japan), L-glutamic acid (Wako Pure Chemicals Industries Ltd.,
L-isoleucine and L-leucine (Ajinomoto Co., Inc., Tokyo, Japan). All the test fluids were formulated by weight. Deionized water was used to prepare the solutions and to conduct the two-bottle preference tests. The dried bonito broth was the 1% solution of a dried bonito extract, this concentration of the dried bonito extract being used for cooking. The mixed amino acid-nucleotide (AN) solution contained the same concentrations of NaCl, IMP, GMP, and amino acids as those in the dried bonito broth (Table 1) .
Two-bottle preference test. The mice were housed in 6-8 hanging steel cages. All experiments used the 10-min two-bottle preference test. The mice were offered a fluid in a 100-ml polycarbonate bottle fitted with a steel spout. The bottles were placed in front of the cages, 6-8 cm apart. Each mouse was first simultaneously administered with 5% sucrose and water for 10 min to train the mice for selective intake of the preferred fluid of the two presented in the two-bottle preference test. After the mice had learned to select a significant amount of the sucrose solution for 3 consecutive days, they were tested for their preference for the dried bonito broth vs. water and dried bonito broth vs. the AN solution. In all the experiments, the mice were deprived of water and food for 1 h before the test. Both the fluids being tested were presented to the mice for 10 min to minimize the post-ingestive effect. The weight of each fluid consumed per cage was measured and is expressed in grams per mouse.
Olfactory blockade. The olfactory blockade operation was performed according to the detailed in the previous reports. 6, 11) Briefly, 24 mice were assigned saline-and zinc-treated groups and housed under the conditions just described. The experimental mice were administered with an anosmia-inducing infusion of ZnSO 4 . The control mice underwent the same treatment, but with an infusion of saline instead of ZnSO 4 . Anosmia was then assessed, and the preference for dried bonito broth was measured. The mice were anesthetized with pentobarbital (50 mg/kg), and 0.025 ml of 2% ZnSO 4 was infused into each nostril via the external nares. The saline-treated mice were treated in the same manner, except that the fluid administered was 0.9% NaCl. Olfactory sensitivity was functionally evaluated by using the potato chip-finding test. Five days after the infusion, the mice were isolated in their plastic cages without food. Twenty hours later, a small potato chip (Calbee Foods Co., Ltd., Tokyo, Japan) was buried under approximately 2 cm of fresh nesting paper chips. The mice were allowed 5 min to find the potato chip, and the delay in finding this chip was measured. The saline-treated mice found the target in a mean time of approximately 27 s; however, the zinc-treated mice could not find the potato chip within 5 min, which was the cutoff time used as the criterion for a mouse with olfactory lesions. The test was performed twice times in succession, the location of the hidden potato chip being varied in each test. The mouse was then returned to its home cage. The animals were then tested for their olfactory sensitivity before and after the two-bottle preference tests for dried bonito broth vs. water ðn ¼ 12Þ and dried bonito broth vs. AN ðn ¼ 12Þ, and the data collected for those mice not meeting this criterion were excluded.
Denervation. Denervation of the taste nerve was conducted according to previous papers. 3, 4) The mice were anesthetized with pentobarbital (50 mg/kg), following which the bilateral CT or GL nerve in 6-9 mice was sectioned by using an intra-aural approach or in the neck under the digastric muscle. This procedure was performed over 7 d before the start of the training period. Following recovery from surgery (7 d), the mice were subjected to the two-bottle preference test with dried bonito broth vs. water and dried bonito broth vs. an AN solution. Cain et al. have reported that no whole-nerve response to taste stimuli was apparent 2 weeks after CT nerve crushing in hamsters.
12) Yasumatsu et al. have reported that, 2 weeks after CT nerve crushing, no significant response of the nerve to chemical stimuli was apparent.
13) Seventeen days after neurotomy, the number of circumvallate and foliate taste buds, gapes, and Foslike immunoreactive neurons in the gustatory nucleus of the solitary tract (NST) were all severely attenuated in GLX rats.
14) Therefore, the two-bottle preference test sessions were designed to last for 2 weeks after surgery so that the mice would not have sufficient time to regenerate taste nerves.
Statistical analysis. The intake of each fluid in the two-bottle preference test was expressed as the mean AE standard error, and differences were statistically evaluated by using Student's paired t test.
Results
In the two-bottle preference test between dried bonito broth and water, the intact mice preferentially consumed the dried bonito broth over water (t(6) = 5.133, p < 0:005) (Fig. 1A) . As shown in Fig. 1B , the mice consumed significantly more dried bonito broth than the AN solution (t(6) = 5.326, p < 0:002).
In the olfactory blockade experiment, both the salineand zinc-treated mice preferred the dried bonito broth to water (t(11) = 7.960, p < 0:001 and t(6) = 3.459, p < 0:02, respectively) as illustrated in Fig. 2A . However, when the mice were provided with the dried bonito broth and AN solution, the saline-treated mice consumed the dried bonito broth in preference to AN (t(11) = 4.795, p < 0:001), whereas the zinc-treated mice consumed equivalent amounts of all fluids (t(6) = 0.323, not significant (NS)) (Fig. 2B) .
CT denervation of the sham-operated mice led to a significant preference for the dried bonito broth over water and the AN solution (t(5) = 5.992, p < 0:002 and t(5) = 2.636, p < 0:05, respectively) (Fig. 3A) . CTX mice also showed significant preference for the dried bonito broth over water or the AN solution (t(6) = 2.757, p < 0:05 and t(6) = 3.478, p < 0:02, respectively) (Fig. 3B) .
GL denervation of the sham-operated mice led to a significant preference for the dried bonito broth over water and the AN solution (t(11) = 4.651, p < 0:0001 and t(5) = 3.330, p < 0:05, respectively) ( Fig. 4A and  B) . GLX mice showed significant preference for the dried bonito broth over water (t(11) = 3.3834, p < 0:01) (Fig. 4A) . On the other hand, the GLX mice did not exhibit any significant preference for the dried bonito broth over AN (t(4) = 1.125, NS) (Fig. 4B ).
Discussion
We investigated how gustatory and olfactory information contributed to the preference for dried bonito broth in mice. To this end, we used the two-bottle preference test with olfactory blockade and resection of A B * * Fig. 1 . Preference for Dried Bonito Broth in the Two-Bottle Preference Test. Intact mice ðn ¼ 7Þ were given dried bonito broth and water (A) or dried bonito broth and a mixed amino acid-nucleotide (AN) solution (B) at the same time for 10 min. The intake (grams) per cage was measured and converted to a value per head. Each column and bar represents the mean intake AE SEM of seven cages. The filled, unfilled, and hatched columns represent the intake of dried bonito broth, water, and the AN solution, respectively. The data were analyzed by a paired t-test.
Ã p < 0:05.
the taste nerves. It has been reported that mice preferred vegetable oils, and that this preference compared favorably with highly palatable sucrose solutions.
15)
The traditional Western diet derives many of its pleasant sensory qualities from animal fat or oil, whereas traditional Japanese cuisine contains less fat and relies more on Japanese stock to enhance its palatability. Umami is said to be the main taste with dried bonito broth, a Japanese stock prepared from dried bonito (katsuobushi). ICR mice were used as subjects in this study because this strain of mouse can discriminate between umami and the four basic tastes. 3, 16, 17) The main finding from the two-bottle preference test between dried bonito broth and water was that mice preferred the former (See Fig. 1A) . The two-bottle preference test examines the relative preference for certain stimuli. Since mice preferred dried bonito broth during the first trial, which lasted only 10 min, it is unlikely that this preference resulted from the postingestive nutritive effect of dried bonito broth. 18, 19) Umami is considered to be a taste that sends a proteinic signal, [20] [21] [22] and it is possible that a mouse prefers the umami taste because it requires protein, although some researchers consider the preference for the umami taste to be innate. 23, 24) However, the dried bonito broth contained a negligible amount of protein, and its postingestive effect is not considered to have significantly contributed to the results of the two-bottle preference test. Therefore, it is probable that factors other than the postingestive effect produced by the protein taste of dried bonito broth influenced the preference for this broth. Moreover, the dried bonito broth was preferred over the AN solution, although the latter contained an amino acid and nucleotide composition identical that of to dried bonito broth (Fig. 1B) . This result suggests that the mice preferred the dried bonito broth due to factors other than amino acids and nucleotides. The characteristic flavor components of dried bonito broth could be classified into volatile and non-volatile compounds. We studied these factors by using behavioral techniques.
Olfactory as well as taste information can be expected to have influenced the preference for dried bonito broth. Olfactory information plays an important role in the selection of foods. 5, 25) The olfactory-blockade experiment examined the role of olfaction in the preference for dried bonito broth. Zinc-treated mice preferred dried bonito broth to water (Fig. 2A) . This suggests that the Mice were given dried bonito broth and water (A) or dried bonito broth and an AN solution (B) at the same time for 10 min. The intake (grams) per cage was measured. Each column and bar represents the mean intake AE SEM (sham, n ¼ 7; CTX, n ¼ 6). The filled, unfilled, and hatched columns represent the intake of dried bonito broth, water, and the AN solution, respectively. The data were analyzed by a paired t-test.
taste information for the dried bonito broth played an important role in its selection. Only saline was passed through the nasal cavity of the saline-treated mice; therefore, this group was considered to have had normal senses of smell and taste. The results for the salinetreated mice and the intact mice were similar, and thus could be used as a successful control in the olfactoryblockade experiment. However, there was no significant difference in the intake of the dried bonito broth and AN solution by the zinc-treated mice (Fig. 2B ). This suggests that the loss of olfactory information reduced the preference for dried bonito broth to a similar level to that for the preference for the AN solution, and that olfactory information played a role in selecting between the dried bonito broth and AN. The CT nerve innervates the taste buds on the anterior part of the tongue, and the GL nerve, the taste buds on the posterior part of the tongue. Many electrophysiological studies have been reported regarding the difference in taste sensitivity between the CT and GL nerves. Danilova et al. have reported that sweeteners produced a stronger response in the CT nerve than in the GL nerve, while the response to a bitter taste was stronger in the GL nerve. 26) The response of the CT nerve to sugars was reportedly greater than that of the GL nerve, whereas that of the GL nerve to the umami taste and essential amino acids was greater than that of the CT nerve. 27) In our study, CTX mice preferred the dried bonito broth to water or AN (Fig. 3) . Kodama has examined the constituents of dried bonito broth, and reported that IMP imparted the characteristic umami taste.
28) It is therefore inferred that CT nerve information did not greatly contribute to the preference for dried bonito broth.
Taste information conveyed by the GL nerve played a more important role in behavioral discrimination between MSG and the four basic tastes than that conveyed by the CT nerve.
3) Kitagawa et al. have reported that umami taste compounds were effective stimuli of the chemoreceptors in the pharynx of both mice and rats. 29) An electrophysiological study of mice has demonstrated that some GL fibers responded more strongly to umami substances than to the four basic taste stimuli, although no such fibers were apparent in the CT nerve. 17) Dried bonito broth contains various amino acids and nucleotides. It is possible that the GL nerve conveyed taste information regarding various amino acids. The sham or GLX mice consumed more dried bonito broth in preference to water (Fig. 4A) . The GLX mice could receive signals conveyed by the CT and olfactory nerves. CT nerve information did not greatly contribute to the preference for dried bonito broth. This implies that olfactory information mainly influenced preference for dried bonito broth by the GLX mice. We then conducted a two-bottle preference test between the dried bonito broth and AN solution. Although the AN solution was prepared with the same concentrations of amino acids and nucleotides as those present in the dried bonito broth, the sham mice preferred the dried bonito broth to the AN solution (Fig. 4B) . As already described, this suggests that mice preferred substantial factors in the dried bonito broth other than amino acids and nucleotides. Moreover, although the GLX mice could receive olfactory signals, no significant difference was apparent between the intake of dried bonito broth and the AN solution. The loss of olfactory information reduced the preference for dried bonito broth to a level equal to that for the AN solution. These results suggest that both olfactory and glossopharyngeal nerve information, apart from the taste of amino acids and nucleotides, played a role in the preference for dried bonito broth by the mice at a concentration used in cooking. McCabe et al. have proposed that umami can be considered to be a rich and delicious flavor produced by a combination of a glutamate taste and a consonant savory odor.
30) The twobottle preference test did not examine the difference in palatability of the stimuli, but the relative preference for them. Further studies are necessary to clarify the substantial factors in the dried bonito broth, although these results suggest that simultaneous signals from olfaction and the GL nerve contributed to the preference for dried bonito broth. Kohzaki Mice were given dried bonito broth and water (A) or dried bonito broth and a mixed AN solution (B) at the same time for 10 min. The intake (grams) per cage was measured. Each column and bar represents the mean intake AE SEM (sham, n ¼ 6; GLX, n ¼ 5). The filled, unfilled, and hatched columns represent the intake of dried bonito broth, water, and the AN solution, respectively. The data were analyzed by a paired t-test.
also such peptides as anserine and carnosine as nonvolatile compounds. 31) There has been no report that information is conveyed via the glossopharyngeal nerve; however, some reports have suggested that the taste of these peptides played an important role in meat soup stock. 32, 33) Yajima et al. have reported that 74 volatile compounds were identified from the acidic, phenolic, and basic forms of dried bonito broth and demonstrated that the characteristic smoky aroma of katsuobushi was composed of a combination of various phenolic compounds. 34) There is a possibility that these peptides or smoky aroma contributed to the preference for dried bonito broth. We found in the present study that the reduced preference for dried bonito broth could have been due to the reduction in information received via olfaction and the GL nerve in the two-bottle preference test by mice.
